ABSTRACT. Leukocyte populations present in the discrete Peyer's patches (PP) of the pig were characterized from birth (Day 0) to day 35 after birth by immunohistochemistry and image analysis. Immediately after birth, cell membrane expression of CD2 and CD3, major histocompatibilty complex (MHC) class II (both SLA (swine leukocyte antigen) -DQ + and SLA-DR + ), CD21, 74-22-15 and surface immunoglobulin (sIg) were all demonstrable. Computer assisted morphometric techniques were used to confirm the significant expansion of these cell populations from birth onwards. The distribution of the cell types was not random but suggested a preferential retention of cells at specific sites. This implies a degree of organization of immunological cells within the discrete PP, enhancing the potential to mount immune responses in the most efficient manner. KEY WORDS: discrete Peyer's patch, ontogeny, surface antigen expression, swine.
The development of peripheral lymphoid organs has been investigated morphologically by many authors [6, 8, 26, 29, 30] . Most of these studies dealt with the lymphoid cells: B cells, T cells and plasma cells [2, 10] . Other reports have been focused on the ontogeny of the non-lymphoid cells in peripheral lymphoid organs: macrophages, interdigitating cells, follicular dendritic cells, and reticulum cells [9, 29, 30] . Internally, lymphoid organs comprise several compartments [7] , each with their own function [13] and characteristic cell population [31] . Within the Peyer's patches (PP), the cooperation between diverse types of lymphoid and nonlymphoid cells is essential for optimal immune response. The aim of this work was to provide information regarding interactions of lymphoid and non-lymphoid cells and to investigate the development of these cells in the pig discrete PP, the major organized lymphoid structures involved in the induction of mucosal immune responses in the intestine.
MATERIALS AND METHODS
Animals: Samples were taken from newborn Large White/ Landrace hybrid piglets. All piglets were maintained in conventional conditions on a commercial diet (Willets, Bristol, UK). They ranged from 0-35 days of age and both sexes were used. Piglets were sacrificed at 0 (presuckled), 1, 2, 4, 6, 8, 10, 12, 14, 18, 21, 28 and 35 days after birth. From day 0 to day 12, 3 piglets, 1 from each litter, were used, and from day 14 to day 35, 1 piglet from 1 litter was used. The piglets during this period (day 0-day 35) were not weaned.
Monoclonal antibodies:
The following mouse monoclonal antibodies (mAb) recognizing T cell markers and accessory cells were used: anti-pig CD2 [11] ; anti-pig macrophage-granulocyte marker 74-22-15 [22] ; anti-pig swine leukocyte antigen-DQ (SLA -DQ) [17] ; anti-pig SLA-DR [16] ; anti-pig CD21 (gift of Dr. Haverson, Bristol, UK); and anti-pig CD3 (gift of Dr. Young, Pilbright, UK).
Tissue collection and preparation: Tissue blocks approximately 5-15 mm × 10 mm, were excised and snap frozen in OCT cryoprotection medium (Tissue-Tek, London, UK) using liquid nitrogen-cooled isopentane. Tissues were labeled for identification by writing on the back of the corkmounting disk. The tissues were wrapped in aluminium foil and polybags to prevent dehydration and stored at -70°C until further processing.
Peroxidase anti-peroxidase staining: Serial 4-6 µm frozen sections were cut onto multi-spot, poly-l-lysine precoated slides, dried for 1 hr and fixed in ice cold acetone for 5 min. All incubations were carried out at room temperature. Endogenous peroxidase activity was blocked using 0.1% periodic acid in saline [12] and back ground staining was reduced by pre-incubating with 10% normal rabbit serum/normal pig serum (in equal amounts) in phosphate buffered saline (PBS) for 30 min. Sections were incubated with 50 µl each of optimized concentrations of mAb for 2 hr in a humidity chamber. Affinity purified, biotinylated, rabbit and anti-mouse immunoglobulins (Dakkopatts, Oslo, Norway) were then added for 60 min (dilution 1:500), followed by an additional 30 min incubation with streptavidinbiotinylated horseradish peroxidase complex (Dakkopatts). The reaction was visualized using a 0.05% solution of diaminobenzidine tetrahydrochloride in 0.05 M Tris-HCl (pH 7.6). Between steps the slides were thoroughly washed in PBS. Sections were counterstained with Harris' haema-toxylin, dehydrated for 2 min each in 70, 90, 100% alcohol and Histo-clear (National Diagnostics, Poole, UK) and mounted with DPX (BDH, Poole, UK).
Cell counts after peroxidase staining: Slides were observed using a Leitz DMR fluorescence microscope (Leica, Heerbrugg, Switzerland). The PP in each field of view was divided into arbitrary compartments, as defined in Fig. 1 . Cells in each compartment were counted using Count Gem 1.2 for Windows software (ME Electronics Ltd., Reading, UK). Areas (µm 2 ) and length (µm) of PP compartments were calculated using Gauge Gem 1.0 for Windows software (ME Electronics Ltd., Reading, UK). For each field, the area of each defined compartment was measured and the positively stained cells counted. Results are expressed as cells/mm 2 . At least three randomly selected fields in each tissue sample were counted.
RESULTS

Expression of surface antigens:
Results of the expression of cell surface markers in the separate compartments of the discrete PP in the pig are summarized in Table 1 .
CD21 expression: Results of CD21 expression are summarized in graphic form in Fig. 2 and pictorially in Figs. 3 and 4. CD21 + cells were localized from birth in the follicle and in the dome. At birth the follicle is not compartmentalized. Data for cortex, medula or corona of the follicle, represent undifferentiated follicles at this time point. Numbers of CD21 + cells in the dome increased rapidly from birth to day 2 from 6,000 to 17,000 cell/mm 2 , then showed a gradual decline and stabilized at 8,000-9,000 cells/mm 2 between day 6 to day 14. In the medulla and corona regions of the follicle, there is an apparent slight decrease of cell numbers that stabilizes from day 6 to day 10 at levels of 15,000-20,000 cells/mm 2 . It is not possible to tell whether this decline in cell numbers in the medulla and corona of the follicle is a continuous trend because of the lack of data beyond day 35. Figure 4 shows a detailed distribution of CD21 + cells in a PP from a 12-day old pig. CD21 + cells stained the follicle at high intensity with a few staining at lower intensity in the basal region of the dome.
74-22-15 expression:
The follicle was undifferentiated at birth, however 74-22-15 + cells were demonstrable at birth in the follicle. Between 4 and 10 days of age 74-22-15 + cells were localized in the cortex, medulla and corona of the follicle, the dome and lower and upper interfollicular areas (IFA). There were more numerous 74- + cells in the medulla and the corona than in any other PP compartment.
Results of 74-22-15 + expression are summarized graphically in Fig. 2 and pictorially in Fig. 4 . In Fig. 4 , it can be seen that different cell types were stained with 74-22-15 at different intensities. Some cells in the follicle and in the dome were intensely stained dark brown whereas the rest of the cells were larger and less intensely stained and by day 8 the intensely stained cells concentrated in the dome and corona and medulla of the follicle. This result suggests the presence of more than one 74-22-15 + cell type. There is a possible apparent increase in the number of 74- + cells in the medulla and the corona of the follicle. However, it is not possible to tell whether this trend continues beyond day 35 because of insufficient data.
CD2 and CD3 expression: The expression of antigens recognized by CD2 and CD3 were taken together in this study because their distribution in PP compartments was the same. Results of CD2/CD3 antigen expression are summarized in graphic form in Fig. 5 and pictorially in Figs. 6, 7 and 8. Figure 5 shows that cells of CD2 phenotype were relatively higher in number than those of CD3 phenotype. Cells of CD2/CD3 phenotype were localized in the dome, medulla and corona of the follicle and lower IFA at low levels and the upper IFA at high levels. In addition, there was a greater number of CD2 + /CD3 + cells in the upper IFA at all time points than in other compartments. There was an apparent gradual decrease in the number of cells per unit area in the lower IFA which was stabilized by day 8. Figsures 6, 7 and 8 show that cells were arranged in a continuous zone within the upper IFA and the basal region of the dome.
SLA-DQ and SLA-DR expression:
Surface membrane expressions of SLA-DQ and SLA-DR were also taken together because of the similar pattern of distribution in the PP compartments. The results of MHC class II expression are summarized in graphic form in Fig. 9 and pictorially in Figs. 10, 11 and 12. Cells of SLA-DQ/SLA-DR phenotype were localized in all PP compartments, with the highest levels in the corona of the follicle. It is interesting that MHC class II antigens start off at high levels from birth and stay stable to day 35. It is not possible to tell whether this trend is continuous beyond day 35 because of the lack of data beyond this time point. There were consistently greater numbers of MHC class II + cells, especially SLA-DR + in the upper IFA than in the lower IFA. As can be visualized in Figs. 10, 11 and 12, the density of class II staining in the upper IFA and the basal region of the dome was higher than in other PP compartments. The localization of intensely stained MHC class II + cells correlates with the localization of CD2/CD3 + cells. 
DISCUSSION
Cell membrane expression for CD2 and CD3, MHC class II (SLA-DQ and SLA-DR), CD21, 74-22-15 and surface immunoglobulin (sIg) were all demonstrable at birth. The presence of T cells in the PP particularly CD2/CD3 phenotype suggests a potential for direct and local recognition of antigen. This requires the presence of accessory cells expressing MHC class II products and capable of antigen presentation (macrophages and dendritic cells). Cells staining for MHC class II (SLA-DQ and SLA-DR) and therefore potential candidates as antigen presenting cells (APC), appeared to occupy the same compartments as CD2 + and CD3 + cells in the PP (Fig. 4) . This distribution where APC are localized in T cell areas is similar to that of analogous cells found in other species [19, 24, 25, 28, 33] . VegaLopez et al. [32] , Rothkotter et al. [23] and Bianci et al. [3] , reported low numbers of CD2 + cells in pig lamina propria (LP) at birth, and that these numbers increased significantly from 7 weeks after birth. On the contrary, this study has shown that in the PP of neonate pigs large numbers of CD2 + / CD3 + T cells are present. Taken together, the results of this study and those of Vega-Lopez et al. [32] give an indication of the different roles the PP and LP in pigs may have in induction and regulation of immune responses. Thus, it can be hypothesized that the PP are major inductive sites of immune responses whereas LP is the major regulator of immune responses in the intestine.
Strongly MHC class II + cells (both SLA-DQ and DR)
were already present in the discrete PP of newborn pigs. Sminia et al. [27] established that large MHC class II + cells in the rat may be dendritic cells as they have the ultrastructural characteristics of interdigitating cells (IDC). On the other hand, they may be B cells or macrophages. This may suggest that IDC/follicular DC home into the PP before birth. These results differ from those obtained for DC in the spleen [30] and the lymph node [9] . These authors reported that IDC only appear in the thymus-dependent areas of these organs about 2 weeks after birth. The intense staining for MHC class II antigens would support the possible role in antigen presentation.
The monocyte/granulocyte marker, 74-22-15 is expressed by a heterogeneous population of cells [11] . By immunoperoxidase staining of frozen sections of the pig, this study has demonstrated the presence of a dense layer of cells just beneath the lymphoepithelium that was stained with the anti-granulocyte/monocyte marker (mAb 74-22-15). Additional staining suggested that these cells express MHC class II at high levels and an intracellular antigen of DC and B cells recognized by mAb cc51 (CD21). While there were CD2 + and CD3 + cells in the dome by immunohistology, the pattern of staining did not suggest that the 74-22-15 + cells were T cells, nor B cells. Taken together, these findings strongly argue that the dome of the PP is characterized by a layer of DC beneath the lymphoepithelium, which are poised for the capture and presentation of gut luminal antigens to PP T cells. Based on the information of the present study and the work of Kraal et al. [15] and Agger et al. [1] who demonstrated the presence of 2 distinct splenic DC types in the mouse and Kelsall and Strobber [14] in the mouse PP, it appears quite likely that there are at least two different populations of DC in the pig PP. One is a population in the IFA, the other is the DC population in the basal region of the dome. This is as described by Metlay et al. [20] for spleen DC which lie in the direct path of migrating T cells. 74-22-15 + cells were localized in the cortex, medulla, corona of the follicle, the dome and IFA. 74-22-
15
+ cells in the basal region of the dome were stained intensely, whereas those in IFA stained less intensely. The paucity of staining in these locations is relevant since MHC class II + cells were located in the same sites. The distribution of cells with 74-22-15 staining was similar to that reported for immunoglobulin containing cells [4, 5] . The role of cells expressing this antigen is unclear but could include antigen handling, processing and presentation of antigen to T cells [18] . The dome hypothesized to be func- tionally analogous to the marginal zone of the splenic white pulp, has been regarded as the main entrance route of antigen [21] .
In conclusion, this study has demonstrated that the distribution of T cells and accessory cells within the discrete PP compartments is not random. This distribution suggests preferential retention of cells at specific sites. While this retention may be antigen driven, it implies a degree of organization of immunological cells within the pig discrete PP, enhancing the potential to mount immune responses in the most efficient manner.
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